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Resistor resistor capacitor capacitor 


rectifier/ zener pnp npm 
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CELL 


■0 J© 


Photo- photo- 

RESISTOR TRANSISTOR 
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M DIRECF.^CURRENT.COC.).FLOWS.4.N. ONE ..J.. 

Direction, either.xsteasily:or,Uj4.pulses. .i 




CURRENT Cl,)T THE QUANTITY . OF ELECTRONS 

L...LJ....„LJ..PASSING.. :AI .<Su/En: .ROiNX!^.;. 
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AN ALTERMATING.CURRENT CAC) FLOWS IN 

Both directions through a conductor. .;... .; 


: ^PEAK POSITWEL 

; \ VOLTAGE.,; . !.j.. 

uJ. 

j .RMS VOLTAGE ; i : 





. -yPEAK NEGATI V £ i 

T VOLTAGE .■. j. 


■SEE THE DEFINITIONS OF 2 % V, R An)D P ON ; 

PAGE H. ■ ...i..; ..i.L .j. .L 

PEAK VOLTAGE - MAXIMUM PQsirdvE .AND ; NEGA- 

; tive excursions of an 

. . _ ALTERNATING CURRENT. . 


RMS i VOLTAGE 


-(Root- MEAN- SOU ARE i .] 
VOLTAGE) THAT AC VOLTAG£ 
THAT EQUALS A DC VOLTAG£.l 
:THAT DOES THE SAME WORK.: 
i FoR A SINE WAVE, 0.707 
TIMES THE PEAK V0LTA6E.L 


IMPEDANCE (z'J-THE .OPPOSITION TO AN 1 
j i ; alternating current pre¬ 

sented 8v a circuit. ,.l. 

. Cunit: OH mV 


Average Ac: voltage * o.un >< peak ; 

i .J.L:.. •. = 0. .* RMS ‘ 


rms Ac voltage- 0.707 * Peak 

.- 1.11 * AVERAGE 

.;.J... PEA K j AC VOLTAGE = 1.H1M x R^s 

..i..;.* ,1.5 7 >.AVERAGE,... 
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OHM'S LAW . . . 

6 IS PHASE ANGLE, ..TH.E. 
difference in degrees... 

BETWEEN CURRENTand 
VOLTAGE. CU.RRENT LEADS 

VO LT A GE IN A.CAPAC I TIVE 

C lRCU IT AND LA6S VOLTAGE 
lto A REACTIVELCLlRlcUllTi 
IN A RESISTIVE CIRCUIT 
6 IS 0 °. THE: COSINE OF 

O 6 IS 1 . THUS .IN.ULMt-U 

.51ST\VE : ClRCulT Ph.£JL 


CAPAClTOR NETWORKS 



SERIES 


CL * C2 

Ct - " 

CL + CZ 


PARALLEL (£ OR NAORE) 



V = X* Z- 

• E 
1= 2 


_E 

z - X 


P - ;e*i * cosfi 













2. mathematics 


SYMBOLS 


+ ’ Plus, positive or add ; 

MINUS, NEGATIVE OR SUBTRACT 

* or * multiply 

T OR / DIVIDE :. 

•'=: ., ' EQUAL Csl 

¥= ; does mot equal 

— ; approximately equal 

> :...: GREATER TRAM 


> 

< 

± 

Vv\ 

s/vT 


EQUAL TO OR GREATER THAN 
LESS THAN 

LESS THAN OR EQUAL TO 
PLUS OR MINUS ; CHANGE SIGN 
RECIPROCAL (i/t- O.S> 
SQUARE ROOT Of . H 
CU6E Root of h 


POWERS OF TEH 

10'^ =0,0 OOOOOOO 1 i BILLIONTH CNANo) ; 

io': ~ o.o o o o o o.oi : 

10* ' 0.0 O 0 0 0 0 1 

10' = 0*0 0 0 0 0.1 1 MILLIONTH (micro) 

ID* = 0,0 O O O 1 . ' ! 

10^ = 0,0 o o 1 

10 J = 0,0 0 1 i 1 THOUSANDTH (MlLLl) 

10*‘ = 0.0 1 ;■ 

10* -0.1 J . . 

10 « 1 1 UNIT 

10 1 =10 . 

10* = 1 OO 

10 3 = 1,0 0 0 THOUSAND (KILO) 

10*' * 1 0,0 O O 

10 ® = 1 0 0,0 O 0 :.. . .. 

10 * = 1,0 O 0,0 O O MILLION (MEGA) 

lo" 1 = 10,0 0 0,0 0 0 
10® = 10 O O O 0,0 O 0 

io“ = 1,0 o 0.0: 0 0,0.0 O BILLION (<S ! G A) 

8 . • - . 



















ALGEBRAIC TRANSPOSITION 

i * j ; I ■: ; j ; j l : \ j ; ? ? k 1 l ;■ : ? 


if a + a 

r.: 

C^then: .. 

. A ■■ ■ ■ A 1 - • 

IF 6 = 0 , THI 

=,n: . j 

- 

A" 

= ; 

t -B ;. 

AD “ : £e.: 



.. B . 


c-A ; ' 




A + 8 - C ' 


o ... 

AD i 

.. & - c ■. 

- - - - -? 


: L 1 F A 


fc ;.i. 

c, then: 

. .j.. :■.. ad. ; . 

t = 6 ...U 



!l . is. 


a cL 

... . ■, D =.A 



i. L.| C. . 


6 

" "f ! : " ; ■ '"‘i' "'"i" ' . 
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^'(iL)::=ici x H i 
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icoMMOM: ^ppiAiRiTHMs:: 1 :;:!:!/;Lit 

;the xom^aonj - logarithm Clogio or log) 1J 
OP A NUMS&R: VS the POVOER JOiF ; lO, TBAT : J. 

;EQUALS THE NUMBER . • S1N CE..;... 

! 2. 1 si.THE.LOG.OF.ilOO.; THE .ANTI LOGARITHM - . . 

CANTILDG) JS THE.NUMBER THAT EQUALS A I 

L06ARITH M.:THUS THE ANTI LOG .;.. OF 2 IS 10O. ! J 
THE LOS OF NUMBERS GREATER THAN l .15 

POSITIVE THE LOG OF : NUMBERS LESS THAN.L 

1,. 1S NEG AT IVE.. THUS T H EL. LO 6 . OF iC LdRL-i- 

: 0 .oii.is -2. A.' 1 £ =;ant!lq4.(log a + logs);.1. 

A -r B ~ Antilog Clog a- cog B). Scientific 
Calculators have log and Antilog keys. . 






























THE DECIBEL 


..is A U*11T Of=. MEASIJRE; 

THAT:.PERMITS TWO XIFFERENT.SIGNALS... > 

TO44.COMPARED PN A LOGARITHMICSCALE4 

THE SENSITIVITY Of RECEIVERS ; An:D THE 
GAIN OF AMPLIFIERS ARE oFTEM GIVEN 

IN DECIBELS. THE.DIFFERENCE IN d£ 1 

BETWEEN THE POWER OF A SIGNAL AT THE 
INPuT OF.AN AMPUFtER (Pi) AND THE POWER 

of the amplifier’s output CPz) is; : 

IT"■.. dB = 10 log (P 2 ./pi). "U'Z . ;....: 

THE DIFFERENCE IN dB BETWEEN THE V0LTA6E 
(v) AND CURRENT Cl} AT THE INPUT (VI AN D II) 
OUTPUT.(VL AND 12.) OF AN AMPUFlER IS; 


dB - 20 LOG ( V2/.V1); 

y B = 20 LOG ( 12 / 11 ) 


NOTE THAT 0EC.I.&&LS DEFINE THE RATIO : BETWEEN 

two Signal levels, not.their.absolute value.,. 

EXAMPLE*. DETERMINE the VOLTAGE GAIAJ ; 
IN d 6 OF ...! THIS OPERATIONAL AMPLIFIER. 


: - ' . = R1 

ViKi Cvi) o_AAA 


Rl = i.ooo -fL 
1,000,000JL 



OUT 




VOLTAGE <3AIN= RR./R1 


20 LOG (VI/Vl) 

d B- 20 LOG (1,000 / l) * 20 LOG 1,000 T 

LOG lpOO = 3 (.FROM TABLE OR CALCULATOR) 

gain : =; Z0> 3 . GQ dS : . .., I 

10 i..... . .:....:..L 






















DECIBEL (ciB) TABLE 



M H 

~ l l \ \ 


— 

r ! i ! 1 

VOCTA6E 

.i. .or:..: . 

Power 


VOLTAGE 

.©.Rf... ...4-— 

POWER; 

current 

ratio 

CURRENT. 

.Ratio 

RATIO • 



RATIO 1 

\ i i i 

1.0000 

1.000 0 

o 

. 1.00 0 0 

1.0000 . 

. 89 13.. 

..7993. 

...: 1 .. 

1,12 2 0... 

.1.2589 

.7 99 3,. 

.4 310:. 

...L.. 1 

1.2 ss9. 

. 14a99. 

.7079 

. SOlZ 

..3 . 

..lu.ynz.sL 

...449i3j. 

.4310 . 

. 3981 

. .: 9 . 

1.5899. 

.4>4L9.i. 

*5413! 

* 3141. 

.:.5.!. 

.iilAlj,. 

. 

.S012 

.HH47 

... 15 11. 

. it? . 

.i4ai3i. 

.29811;. 

. 1995 

i 1 

2. 2387. 

5,01191 

.13981 

.1s&s . 

. i a 

. 2.5119 

4-3094 

.......3598 

.izs9 

...;. q 

.Liiiq. 

.. 7.9h33;. 

.13141 

.looo 

:. 10 

. 3.1423. 

ioLopo: . 

.*1000 

,0100 

... 2 0 .1 ... 

.10.000. 

100,00 

.0 314 

.0010 

.3 0 .!..... 

. 31 -423. 

.LfeoA.. 

.0100. 

,0001 . 

..90 ! . 


. ia v oN4 . 

..LobjX. 

,0 0001 

.SO . 

.fciLM-. 

.ioo,bo4.... 

.. 0010 ... 

.... ■ io' u 

. 40 

. 1,000.0. 

.j-io$.. ; . 

..0:003 .... 

‘ lo'l 

.T O . 

.k,i4Li. 

.. -1.|o.T .J. 

, lo« . 

■ .iC;. 

.0001 

.00003 

l io;V 

1*> h 

J io" 10 

i 80 .: 

9 0 :... 

10,000 ... 
31,423 

.ooooi 

1 00 

loo. 000 

.? . A 


RECEIVER 3EMS.l-flV.lXY' IS OFTEN GIVEN I Is) 

jdB with respect:to 1 milliwatt.j :.j .■.. i.. 


i d Bvvu 

! Power C^\m) i 

! ! omits ! 

.:. io ,i. 

10.0 o 0 0 00 

10 MILLIWATTS 

.. . o . 

1,00.0 000 

■ 1 MILUIW ATT 

- 10 ;. 

.10 oooo : 

100.kmcRo,watts 

- 2 0 

J . 0 1 0 0 0 O 

10.MICROWATTS 

~ 30 ;... 

.0 o'l OOo 

1 MICROWATT 

“90.■. . 

: .oooioo 

100.kiMlOjW ATTS 

- 50 

,000010 ..j. 

.10.NAMOWATTS 

- 40 : 

; .0 O o o ol 

: i N ANO WATT 


II 






























NUMBER SYSTEMS 


i 


A number system CAN BE BASED ON ANY 
: MUMBER OF DIGITS. THE COMMON DECI MAL 
SYSTEM HAS lO DIGITS. THE BINARY SYSTEM; 

! HAS 2 DIGITS J , THE HEXADECIMAL S YSTEM 
HAS it, DIGITS. NUMBERS ARE WRITTEN 

: ;As : successive ; powers of the base of : 

; THE NUMBER ; SYSTEM. THUS: 


/■< 3 2 7io 



7 * .1:0 0 
z * lo 1 

3 FlO 1 
H * 1 0 3 


= 7*1 = l.L.n: 

2 * l o j. = ; z o 
3*100 55 3 0.0 

= H * 1000= A 0 O o 

i. .i. ■ Y 3 Z7 


BINARY NUMBERS 


IN ELECTRONIC CIRCUITS DECIMAL NUMBERS ARE 
U S U ALLY: REP RESENTED BY ; 6INA RY N U MSfiRS.’ [ 

BINARY NUMBERS.ALSO SERVE AS CODES THAT 

REPRESENT LETTERS OF THE ALPHABET, . 

YOLTAGESj COMPUTER ; INSTRUCTIONS., ETC.; A..j. 
BINARY O OR 1 »S A BIT . A PATTERN OF H I 

Bits' is a nibble , A pattern of h bits is ■ 

A BYTE OR WORD . .. 

BINARY TO DECIMAL J PEClMAL To BINARY I 

l9-rZ = H + l '| 

1 R -r 2 = H + 1 J. 

...!2J : H -r 2 = 2 + 0 ; J 

. 0 . £> 2 * 1 + 0 . ' 

1 * ■ 

1 G ; 1^=10011 : 

ia .u.. : i 

: ^FINAL.QUOTIENT.j.. 

.j.iSi-,E!lUAL..i£kilMDiR. 



BINARY CODED DECIMAL : (BCD): A SYSTEM i 
IN WHICH EACH DECIMAL DIGIT IS ASSIGNED i 

its Binary eoioi valent Cl R * o o q i ; l o o i) . j 


iz 






















.b.EG ilP&C\NftLl &INJ (6IWARY) 

BCD f eiJUAMDEOMAL) HEX (H&XA0ECIMAO 
























3 ;X®ESTAMrra; 


grsi 

Ll NE-AR . \..i .i.I..I. \ .. I .L-L 

=? I .imawxifM) i .BAx.f l,.'5AR^,.cb'.p).J. P ., 

12t_.iHqR£.a.X.4-£^XC£d4.S^2BQJ-I = 1.HlLEiiMl)} 

AREA 441 "144 ]' I 'I. X t 4. 4 lijl4 J4 I .T.44 fj. ‘.1ZT 

SJtdfii^i-d.._Li.1 ACRE = HS, s<pQ FI *.i. \ 

il. I* ARP?;.* R PT 4 :.1. .L; i M(LE t ? 6^ C3 ;ACB.£S.|...j 

VOLUME - .4 i- !.V .1-4.i-4- ■ I.-i.I. 

1 Foot 3 = 1,*?2E 1>0* : 1XARP* * 21 FEET* 

MASS : .Li.±4 4.i.L.Li-4 -L-N.;■ 

iu OU.WCjES. ifiii ;= i ipOUMO CA b)l \. .; J.j.I 


METRIC WEIGHTS:AND- MEASURE$l| 

UhJEAR J-.L .j.;.T i...; - 4 . \ .j.i-‘.. 1 . ..L... 

1,000 M\ GEOMETERS = 1 MILLIMETER JC^ 

lo«w»ictjsm metee(cm) ; loo.cvw,* l meter Cm; 
l^ooo meters - i.k)lomet£R Ckm) ! . . 

AREA; .j. i. i ; t. .1 L..I i j. iL j ] 

loo iviwv 1 = 1c.m 1 j ; . id,oop cw\* = l tA*- j i ’ 

volume . i.;...t..i.;.. 1 .. ...i.i.; ... ! ....i. .L; 

lev* 5 = 1 milliliter C^O; i,ooo^i = l Act&R 4Oi.j 


MASS .L.i.•..;. 

l v OOO : MILU GRAMS, O^) 
































U;S.-METRIC CONVERSION 


TO CONVERT ' ; INTO ,. : MULTIPLY 8Y 

MICROMETERS MILS ' 3,937; * io’V 

MILS , MICROMETERS 2S<9 

MELIMETERS MILS | 39.37 , 

MILS MILL!METERS .. i. • 2iS4 ii 4.Q::J 

MILLIMETERS INCHES ; 3.937 * 10^ 

INCHES ■ MILLIMETERS 2.S.4 

CENTIMETERS INCHES : 0.3 9 37 

INCHES CENTIMETERS 2.S4; ; 

INCHES METERS .2.5 4 x io“ 

METERS ‘ INCHES [ 39.37 

FEET METERS ; 30-46 * tO' 1 . 

METERS . FEET ...; i 3.281 

.METERS .. YARDS 1.074 

yards meters : o. 919 h 

KILOMETERS FEET 3 ESI ’ 

feet kilometers l.; i.ho$ * io 

Kilometers miles .: 0 . 1*219 . 

miles Kilometers I.loa : l . 

GRAMS OUNCES 5 3.S27 * 10* 4 

OUNCES GRAMS :Z&.1h$S- ;.J 

Kilograms ; pounds t.zos 

founds kilograms o,hsk<> ; 


FAMILIAR EXAMPLES 


Dimensions 

DIME. 1 Wvvw R 1.8 cm 
NICKEL 4 * 2 . * 2.1 cW 

Quarter ** i * r.h cm 

1 -MiL PLASTIC FILM * 2 S .4 ^ ^ 

MASS 


PLASTIC TD-^E TRANSISTOR « O.ZS a 

S-pin mini dip xc 9? o.s 3 : J 

ID “PIN DI P xc ft.l.OSq 

NICKEL s* 5 3 .;. .. ;...:. :. 
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ttekeeramre;' r 

■° FAHR6.MKt.1T * C°CELSIUS * s ) • 

: : ■■ 1 ■ C' '■ ' . : . . ? , , : 

° CELSIUS = T * ( 0 PAHR£NK;sIT 


LEAD ■ na&lTS 


abater Soils 


ua 



OPtRATIMG TEMPERATURE 
RAN GET 


, IW&USTRlAL ‘ ~(cS° TO 1$0°C I...; 

. ■. ; SO 

i. ... ; . HO 

HUMAN 60DY 

. .. .;.. .* 30 

Room temperature. h- 1 °c) to 
...| ; 10 

Water freezes ; . L. >. o 


= °c 


UHA 


10 O , 

_ Z 1.1 

Ro 

_ . 1<\H 

\ Ifni/ 

O o... 

TO __ 

_; X l J# 

_ . .:. ,.L 58 

. j UOj . _: 

_. IH 0 

: SO. . _ 

__ IZZ 


IQH 


30 . 

_ 8 (p 

2.0 . 

. i . L8 

10 

_ 50 


_ ....;. is Z 


THE MOST qOMKOW Ei-ECTROhJVC; SOLDER IS U>/HQ 
Cfeo % Tl b) AND HO % L&AD). ITS M£LT W <=> POl/UT . ■ IS 
,13.0 * 0. C30l° TO 37H * f), ..j J..:.. 

IU . . . ; 

















!.iA.VJ;(5Li.AM6,^jC4ri. SWVRESAUCE i 

i. ; b i A. — Dl&M£TEjRJ.lM LM\i- £.;.L .:.. 

i.: O.WMS.PER.U.DOQFT - 20° C C48°p') 


i. 1 i 

.■■ t r ff—- ■ ■ j. 

-?.* '■■■ ■ ;■ -■ ■ ■ 

" ' " 'i J i.i‘ " i 1 ' "L" ■ i ■ '"V' ■ '1 - 

.q::^ 

EOTjtii:;R 

ESiSTAK 


-Ui.is. 

lvAr. .|.i... i .; 

.O.q3 (e 

RESIST AW L£ .] S. 

1-4.;COPP£R .!....;.1.;. 

..:.. 1.00 Q: 

RELATIVE TOi. i .L..L. 

L.i.;GQLC>.L.:.|.;.L.i. 

J.... 11 t H O S . 

COPPER. 1 FOOT OF : ...L 

.tc 

URaNiuMi. 1 i.i. 

. L- il 4 S- 3 O ■ 

. CIRCULAR.tOPPER.j.L. 

:.;.!a 

LUMlMU M. .*. 

l l.SH 9 

WIRE 1 MIL IN ■ ..l.j . 

■.!.iXUMGStrEN;.i.:. 

J.3.2 0 3 . 

diameter has a;.... I.....!. 

;.:.BRASS.. 1 . . 

J. H.QZZ . . 

resistance op ;.L.]. 

j. i.m 

40SPHOR-SROWZE. 

..;. .5,5 3 3.; 

io .37 OWMS. L 1. 

i .;.nickel;..:.; 

.. 5,1 .i 

ALTER WAT tv ELV r .■..i. 

.i.; i Row ...i.:.. . 

.i.5.1 99 : 

iCOPPER ivuiRi WAS i. 

;....iTtN ..1 

..:.S.l o Z 

... A RESISTANCE..L 1.j. 

-.'‘ 1 - --h .j , S...,-|TTii-..E*jL*. .....a,...... 

.,9.9 3 2 

OF.10.21 OHMS.j.. 

!. \ .UL 

EAD .. :.:.: . 

ll.U Z :.: 

..per. [..Circulars.U.! 

.;Si 

rA.MslL6.SS .STEEL; 

,5 i ; 

.MIL FOOT..i.i.;.j.... 

;.j—|hJL' 

ICMROME..|.L.i.. 

LS,p : q z; i 

i i. 1 i t l l \ l i s 

. i .L— 

.. j .i.L . i., 


'L.. 


































AUDIO 


r"IgtFE'C.TrK!lJIsA 



HECBAHJVCAL 1 VIBRATION IN.iSOUDS, FCUIDS i 

AMD GASES PRODUCES WHAT THE BRA I/O ; 
PERCEIVES : AS .■ SOUMD,.; . . . 



-.Range, of human.hearing 
































SOUND J INTENSITY. LEVELS 


SOUND SOURCE..i.J.L 

LDlSTAwCE from .OgsERViEgl 


THRESHOLD of. PAIN : 

AIRCRAFT ENGINE CZO') ~jj J J 



Amplified ; rock music 


THUNDER j 

PIEZOELECTRIC BUZ/Z ER C&'l L. 1. L 
AIR FORCE T-38 (1,500' OUERHEAO) 
.. CO 2 PALLET GUhS (U") ] 1 T 


Digital alarm clock a 2") 
electric typewriter ’ < iJet) 


AiR force T-38 (1. mile) 

TVPIC A L CON VERS AT I ON : 


PENCIL ERASER TAPPED On DESK. Cl2") 


Compvt£R k evb 0 ard (18U 
average residence 

SOFT BACKGROUND MVS IC 
Q. Ul£T WRIS P £R . 

THRESHOLD : OF HEARING 


. 1 : 2.0 + 
\iZ 0> 
110 . 

Jl.il iO: ... 

10 8 .'. 


i. P 0 


1 5 . 


paper Clip dropped on desk ( 12 ") ; c>2 


telephone dial tone ci") 


Cl . 


























ELECTROMAGNETIC 


SPECTRUM 

reyond lopM*. 
COSMIC RAVS 



* the tva’s i 

SENSITIVITY i 

TO VIOLET 

And rep i 
VARIES WITH 
THE OBSERVER; 
And.THE . 
RAOCOROUND 
| LLUM\NATION.; 




f=FREOv£NCY; 
X=WAVELENCTH 
C=S)I lo 8 wi/sc 
(see nex r PAGE) 1 





















rabciee 


. L . FREQUENCY . 1 . i . 

.'. cL^simcmioMl . 

.7 5-30 7 KUz 

VERY LO\m: . [.J . i. ..;. ... 

FREQuENCIESCVLF) 

30 -20 0 KHz. 7 ' 

LOvj j .. ..L.j.. . 

frequencies (lfj 

3 00-3 0 00 K;Hx 

MEDIUM 77 .7.17 ...;. J.. . 

FREQUENCIES tMf) 

3-30 ...;. MHz 

.. high : .777 

FREQUENCIES CRF) 

20- 2 00 MHz 

VERY.;. HIGH ..j. S .i.L. 

FREQuENCl es (v h Fb 

, loo “ 2 0 0 o MHz .;... 

. ULTRA HIGH .i.... 

FREQL»£N.ClEjS ; . CuHP) 

. 3-50 GHz 

... SUPER HIGH . ! .7 ..Lj.... 

FREQuEN LIES-; (SHF) 

... 2 0- 300 . GHz ; ! 

EXTREMELY HIGH I 
FREQUENCIES i&HF) 

lo o - 3 0 o o GHz ... 

.MVCROWAVE . ; ...;. .1.!. . 

.. jFR£Qu.EN.O)E.S; .. 


FREQUENCY VS. WAVELENGTH 



WAV£L£N6TH C ^£T£RS) 

C - SPEED OF LIGHT C3 * 16 8 METERS/SEc):.. 
f - FREQUENCY CHERtz) .u 4 

Example; the wave length of a 10 a mhz i . 

SIGNAL : IS 3* 10 V 1 .oa* ID fe i QR , 2.7ft METERS.. 



















LMMTO ■: 

.15 ~.SH: ; navigation beacons 

.5 : international distress 

.59 ~1.U ’ ANA BROADCAST BAND 

. l.tl*. Airport information 

j 1.8 “2.0 ' ; ItaO. METER AMATEUR BAND . ; 

2.3 -2.998*. 120 meter IMT.: BROADCAST , 

2.st \aj\ajv fiME. signal ; .. 4; .... 

3.S- 9.0: = 80 METER : AMATEUR BAND 
: S.o: WlwV TIME SIGNAL : ... . 

5.95- G.2t 9 9 METER |nT. broadcast ....;. 

L.z- L.SZS: MARITIME COMMUNICATIONS i 

7-0" 7*3 • 90 meter Amateur 

7.0- 7-3 1 HO M&TER I NT. BROADCAST ' i 

9.5 -9-9 t 31 METER IMT. BROADCAST ; 

10.0 t VWUV TIME SIGNAL 

; lo.1- 10-15: 30 meter amateur Band 

10.15“ 1147S: IWT. BROADCAST 
; 11.7 “11.9 7S: 25 METER 1WT. BROADCAST 

lH.O“ 19.35: 20 METER AMATEUR BAWD !. ;.. ’ 

; 15.01 wwv time signal 

20.0: WUiV TIME SIGNAL 
21.0- 21.95 : IS METER AMATEUR SAND 
21.95" 21.85 13 METER lNT. BROADCAST 

2H.M-2H.99: 12 METER AMATEUR BAND 
25.U7- 2L.lt 11 METER lNT, BROADCAST 
: 2G.9 - 27.9 t CITI2ENS BAND 1 ... 

28.0-29.7: 10 METER AMATEUR BAND 

99.82“ 99.9: Lovo PdinER communications : 
5o.0-SH.0t L meter Amateur band 

59.0-88.0 t TELEVISION CCH. 2-C) 

71.03~ 72.9 : radio, control CAircraft onlt) 

75.93 “ 7S.S7: RADIO CONTROL 
88.0 “ 108.0: FM BROADCAST BAmD 
88.0" 108.Ot VWIRELESS MICROPHONES 

108.0- 118.0 : A 1 R IN AVI GAT 10 N BEACONS.i... 

118.0- 13L.O: AIRCRAFT 

1S3 - 1SS '• Police, FiRE , municipal 
158-159:'. Police, fire* Municipal 
lCel.9 “ 1L>2.SS 1 NOAA LEATHER 
199 “21G: TELEVISION (CR. 7-13) 

970 - 890: .TELEVISION Cert. 19-83).; 

22 . ... . 



















I ME CONVE RSIONS 


UT Cl 


QOOO 
OlOO 
0 2 o o 
O 3 OO 
OH 0.0 
05 0 0 

0 too 

O 7 OO 
O 8 OO 
o;9iPb 

I o o o 

II 0 0 
1 2 o o 

1300 
1.9 o o 

1 So o 
l.VO o 

17 0 0 

18 0 0 
19 0 0 
2- o o o 
21 0 0 

2 1 0.0 
23 0 0 


..■9: PM 

5 PM 
<* PM 

7 PM 

8 PM 

9 PM 
10 PM 


MST. 

cst 

r--r-r-—r 

5 PM 

L PM 


7 PM 

7 PM 
8,PM 

e pm 
9 pm 


9 PM 
10 PM 


10 PM 

11 PM 


11 PM MIDNT 


11; PM M ID W T 

M1DNT 1 am 

1 AM 2 AM 

2 AM 3 AM 

. 3 AM..9 AM 

H AM 5 am 
5 AM <* AM 

Am .taw 

7 AM 8 AM 

.6 Am ; 9 Am 

.9 AM 10 AM 


1 AM 

2 AM 

3 Am 
H AM 
5 AM 
0 ■ A M 

7 AM 

8 AM 

9 AM 

10 AM 

11 am 


7 PM 
,,8 PM 

9 PM 
10 PM 

...11 :.P.M, 

Ml DMT 
1AM 

.. .'.2 ; AM- 

3 AM 

.:9.AM 

!5 AM 

k am 

.7 AM 

8 AM 
.9 AH 

10 AM 

11AM 
12 AM 


: a : PM 
9 PM 

10 PM 

11 PM 
MID NT 


i o am. 

11 AM 

12 Am 

. ill.EH 

11 AM 

1:2; AM 

1 PM 

2 Pm 

1 2 AM. 

.1 PM 

2 PM 

:3 Pm 

1 PM. 

.2 PM 

3 PM 

.4 Pm 

. 2 PM 

.3 P M 

H PM 

5 PM 

3 Pm 

9 Pm 

5 PM 

E PM 


9,AM 
J.S.AK 
: (o .AM 


1 

1: . , 

l;2 AM 
. 1 lPm 

..JliPk ■ 

9 pm 
S;PM 

H7m 
7 PM 


tutne. j~l..cq.c>rmmated universal time. : 

i MERIDIAN TIME, LONDON) 

;PST - Pacific standard time 


KST i": MOUNTAIN STAND ARP TIME 
bsT - CENTRAL St an dard ! time 

EST EASTERN STAN DARD TIME. .[ .1 

AST T ATLAmtVC:S:TAND ARD TIME ; 
DAVU^HT ..SAVJN;^IiTjME..TAQbIli''kby:Rlbl 




















tthei siiisiE : 


Trtfc iSMfc-; OR SIJMUSOIDKZ- WAVE IS TH£ 

I host &QM mo to > PERlOQvc WAVE IN AnALQcS 
'£i£CT(lo|sJJ;Cj CIRCUITS..IF PEAK AHRuiu.D&S 
ARE tl AMt> -l y T!H£tsJ: -i.:■ ■ -M .>.- - . 

U ; . ..j.; AN$L£ C<0 lAMPUTyDa (S>N< 



.i. 0 “ 

i. 

.R S 

10 ‘ 


/PEAK 1 
/Positive 1 
AMPLITUDE 1 


2.7 Q 
3 i. S* 


o. 

J. 0 . 56.0 

.]. 0.707 

i j....;.. 

0.707 

j. O .!... 

- 0.707 

- 1 id 

~ 0.707 

.0 .i 


!ro°: 


the Prase of 
si HUltaneoos 

. 5 \NE: WAVES ,.j 

MAY DIFFER *.[ L 


THIS. WAVE LA<SS 2 t»°^ 
Tms WAVE LEADS 


: PEAK \ 
'NEGATIVE 

| Ampotud& 




TIME. 


FREQUENCY OF A. SI ME WAVE IS THE L 
NUMBER OF CYCLES : PER SECOND. HERTZ CM 

IS THE UNIT OF: FREQUENCY;.. ONE WERT*. 

Cl Hz) IS ONE CYCLE PER ; SECOND ■ Cl CPS>. 


Period 

ONE C 

2 H • 


Si ME VJ AVE i I $ TH £ T 1 MEFOR:. 

... icViU.EJ-T3ba.obijUR+--i.-.i.I.. 




























rrp^icpic^ 

'.I" l^TMiA3j3IlaIilii£ieLisfc —^4^ijuEl^6a^A|s^ t 

: .1.CAM.L8£j..CESSER..ic4.iSE4^4 X ^'“--l S ^' 4 .j-4~!.4- 

. Li - ANALGjS .Jt±j£ilW*4cl4lEU4u$^ 




!(?to0©\CJ W AU 6.S;.CAM ..4..BEi..i^C^-.BJ4H~-^4- 

diodes ;.amdJ cd pesdj...bv zEmEr. \ .daoIdEs.: 






















.; single Pulses or trains of ; per\odic 

PULSES ARE; PROCESSED AND GENERATED 
J.. Bt. DIGITAL ELECTRONIC : CIRC U \T S. TH £ V! 
‘ ARE ALSO USED TO TRIGGER (ACTIVATE) : 
MANY. KINDS OF CIRCUITS. i. 


The :) deal pulse 


4.; INSTANTLY 

4 Lon —> 

4-.;. AND.:..;... 

J ' ; i 

DURATION t* 

;t~i 

'amp 

\ 

LlTUDE 

. 4 - ..PHr. 

.:... l 4.;... '.... .✓> 

.n 

r 




A REAL PULSE 

Ringing 


(caused BY;. 
inductance Of 
WIRE LEADS J feTC.y 



FALL 
: TIME 


PULSE TRAIM 


2.0 


THE! NUMBER OF j 

Pulses per .second 
is THE POLSE ;.... , 

REPETITION, rate. i. 


























SIGNALS 


Electronic signals ramge from audible 


To Nits TO COM.Pi.tK INFORMATION CARRIED 


BY a Fluctuating Canalqg) or Pulsating 

CDIG ITAL) WAVE, CURRENT, : OR VOLTAGE . 

many modulation) methods are used to 


IMPRESS A SIGNAL ON A CARRIER 


MODULATION METHODS 


ANALOG : PULSE 


unmodulated 
CARRIER. WAVE 


Analog 

signal 



ANALOG 

SIGNAL 

Amplitude 

Modulation 

FREQUENCY 

modulation 



PULSE 

AMPMTuot 

Pulse! 

duration 

Pulse 

FREQUENCY 



DIGITAL 


Binary Bit patterr 
NON-RETURNTO ZE RO 

CmRz') 

RETURN TO ZERO 

.CRz). 


MANCHESTER 


FREQUENCY SHIFT 
KEYING CPtvO: ; 


1.1.t.I.-r—|f—|.J—■(.1 i i 



27 











Mi CODES AMD SYMBOLS 


ALPHABET, ASCII 4 ,V;ORSE CODE' 



ASCII ! 

loo 

0 0 O 1 .. 

1 0.0 

0 010 

loo 

0 011 

1 0 0 

0 l.o 0 

a o o 

o i oi: . 

loo 

0 1 1 0 . 

1 :op 

0 111 

10 0 

10 0 0 

1 o o! 

10 0 1 

1 0 0 

1 0:1 0 j 

1 o 0 

1 0 1 1 1 

ioo 

1 1 0 0 

1 0 O 

110 1 

1 0 o 

1110 

10 0 

1111 

10 1 

0 0 Oo .! 

10 1 

. 0 0 o 1 - J 

10 1 

0 01 0 : 

1 0 i 

o oil : 

10 1 

o l o o j 

10 1 

0 1 0 1 . 

10 1 

... OLi.il 0 

1 0 1 

011 1 

1:0 1 

looo 

1 0 1 

1 0 o 1 ... 

1 0 1 

10 1 0 

01 1 

0 0 0 0 , 

0 1 1 

0 0 0 1 

Oil 

0 0 10 

0 1 1 

OP 1 1 

0 1 1 

0 10 o ..; 

0 1 1 

0 1 01 

0 1 1 

0 110 j 

Oil 

0 1 1 1 

0 1 1 

LOOO . 

0,1 1L. 

loo 1 
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Ascu - American standard cods Pori 
information interchange. Ascii is the 

PRINCIPLE COMPUTER KEYBOARD CODE. : 
ASSEMBLY LANGUAGE PROGRAMMERS CONVERT 

Binary ascii (above) to hexadecimal. : 

.PRINCIPLE HEX EQUIVALENTS : 


A- HL 

G- *n 

M- H D 

S- S3 

Y- SH 

H- 3H. 

b- hi 

H- HE 

NTH E 

T' 5H 

Z- 5 A 

5- 25 

C- H3 

1 - H H 

0- H P 

0' S5 

0-30 

V 2fc . .;.. 

D' HH 

J-H A 

P- 50 

V- Bis 

1- 31 

■?- 37 

e- H 5 

K- 4 B 

Qr Si 

W' 5? 

t ' 

8- 38 

f- Y U 

U- HC. 

, R' .SI. 

X- 58 

3' 33 . 

S' 39. : .. 

; Z<\ 



























REEK ■ALPHABET 


N AME 


Alpha 

beta 

GAMMA 

DELTA 

EPSILON 

2£TA 

ETA 

THETA 

IOTA 

Kappa .:. 
lambda 




U - UPPER. CASE 


NO 

XV 

OlVUCROM 

PI 

RHO 

sigma 

TAO 

UPSILQN 
PHI 
CHI 
psi; 
OMEGA 


L-LOWER. CASE 



COMMON! GREEK SYMBOLS' 


LETTER 

...!.. SYMB..4Li.mE.S,...i.O.R..i.DES)4M.AT.ES 

a 

ANGLES, ACCELERATION , AREA 
..ANGLES,: . . 

: .a : 

1 ; 

CONDUCTIVITY, SPECIFIC GRAVITY;, 

increment, decrement 

. A . 

€ : 

DIELECTRIC CONSTANT ' 

E !. 

ENERGY. 

2. ; . 

. ^ ... 

IMPEDANCE 

PM MODULATION INDEX 

- © 

Angles, time constant, temperature 

.....L.X . 

WAVELENGTH, CONDUCTIVITY 


Ml CRO £ PREP 1 x), A MPLJFICAtION FACTOR. 

FREQUENCY 

V , 

. TT . . ..... 

P 

CIRCUMFERENCE -r DIAMETER C^. l t aS9. < .') 
RESISTWITY, REFLECTANCE 

. '. £ . , .. 

SummAtion ; SIGN 

: T 

4> 

TIME CONSTANT, TRANSMITTANCE 

angle , radiant power 

:w 

An gle» angular.FREQUENCY . . 

: 11 

spud angle, resistance (ohms) 

























RESISTOR COLOR CODE 


COLOR 

SIGNIFICANT 
DIGITS a *Z) 

’Ii;Mi)!LTJRLi£.fe..M. . 

TQL.(9) 

Black 

'XI 0 

:xn;Li:i:uir 

.: . [') . 

BROWN 

..! 1 . . 

. ...... i.j.:.;.. ,1:0;. 

± ; 1%;. 

.red.. 

! 1 2. ; ; 

J.i J .J.;1 ;0 0 . 

_L._X . 

QfARiE. 


.J.i. 1,0:0 o 

■. 

YiiUk 

.; . ! . H :. 

.i...ii.!o. f 0|,.0.,;0i. 

NO 

GREEN 

J. 4.:5.|.,.... 

X 1.10 0,0 0 0. 

COLOR 

..j&lujeL... 

: i ioi ! \ 

...l,o q o,o;o 0. 

.band: 

...violEfc... 

XX.;7i' X 

1 Q.O 0 0,0 0.0 

±20%. 

GRAY. 

.8 .i. •. : 

1 0 0 ,0 0 0,0 0 0 

; . t . , 

write 

. 9 

j 1 1—j j s. j j 


60LD 

i | ! ; 

\ ; *—i | j * i 

± 5 % 

SILVER 

} j 

T \ l f ^ ' i ]■ 

*10% 




ExAmpiE. : 

;1 = brown = .1 

Z = 6 LACK * 0 
■;3,= y 6-LUow -> 10,.60o .i [. 

■M := saveR ..;= 1 io% ToieiMvMci 


ilk^feFbfeMER; COLOR; CODE 

audio interstage : arid output : 5 



: Power : untapped primary - slack ; •; filament ..;... 

...;.. SECONDARY - 6R&EN. C ADDITION AL FILAk£njT - \ . 

..L JYELLOVJ ' BROW N ; AMO SLATE) \ M \&H ~vo LTa<s£ ...::....; I 
L SECONDARY “ RED. COLORS MAY vARTL; I J.... j. J...J 

klOTfc : TWES£ APE ElA RECOMMENDED COLoRSv ?££ 
..TRANS FORM£R SP£Cl RC.AT! DNS TO V6Rt FT; C.oD£♦ I.| 

:.. i.. J.i ..I.. .;..l..-.. ;. 31 































J... L AC -ALTERNATING. CURRENT ;.[.i.i i.i.i. 4. .j 

.I .4 AF.-AUDIO;.FREbuENCi'Ti.!. i..j . Lj .• ; . i .t...4...4. ! 

. i I !A FC b !AiilbM4ricL^ L ; ‘ 

.! j AG C J- AilTOMATiClGAlNi CONTROL. i... 4 L i i I j 

.I.AMi-.AMMobC. Modulation. ; 4.. L.lJ... I ...i.!. 

.. L;.AMP.1“AmAliRER4. 4. [....i .L J.:.U.L4. i... ].;.i.) 

....1.4 AML. ~AUTOMATIC i NOASE LIMOER.[ I j L..j......i 

. i I AMT . bAlixCtiMAj......i 4-4 : - J i ■ i i j \ 1..4 . 1 .. J....J 

.j. AvC.-AUTOMATIC VOLUMt4COMTROL.I .4.u4 .J ! 

.4.; AvJG . “AMERICAN.;W[RE GAu 6£..;..J.j i.\ 

4-.!.;B.i“.lEiA-fCi.0 F4TRA.NS.tSTQ Rj. .J. .J. . .L.... I 

...1 J.EC “. broadcast.LLJ.:.,.l„ J„ .j.i.. Li.L4. .Li. 

4.i.sfo.:-.BCAt.jmeoi£i.Ni^:...bscfLLAt dai ..i. i.i..J.. i 

.j.■. M .“BANDPASSi.[.; i..:.■. i.|.i.L..i.i.!.. i.;.i 

.1. .c c O.LLECTOR.M.TRANSISTOR.;.j.!. 1 ■ .i... j 

: . CAL..“CALIBRATE : i.i.4. L. ;.:.j.j.i.|.i. i ..ij 

.... C....;.CAP -,CAPACtTOR: ...;.i i.!.i.i.i.4.\...i.i.•.i ‘... J 

.4. L. CB CITIZENS BAND.44 ; . U; . i.I.i...:.! . .4 i 

Li ...tier.- CIRCUIT .;. ..i.;.;.1.: L.i.lb..L. 

J.i... clk.- clock >.4...!.:.;....i. i. Lis......; 1. ; .Li 

...j....;. crt. J - cathode rat.tube ...;. 4 4 ; ■. l. ;.j. 

...i.:.C/S - CYCLES PER SECOND. LHERTZ ; Hz) ..i. 

. L..; .CT “ CENTER TAP . 4 . ..L4.Li. ..Li.!..i.4 ...j 

J..4 CW- CONTINUOUS WA\/E J.. i... ; .i. J 

.i. cv - Cycle i l:.!.... LJ.L 4 i . : . , • 

..;.;... C “ DEGREES CELSIUS.4 4... ..;,4.;.I. . 4.!. .! 

.: . D - DRAIN.OF FET i 4.. • Li. .i.J.!.i 4.1 ..i.!. 

...:.:.dS “ .DECIBEL J.j.,.; j. ; 4....L...L .4 ! 

DBLR - doubler . ..: i ! i i..i 4.J i J 

. i t DC “ DIRECT; CURRENT Li. J ;.J LJ ! .4. j 

.L..].DEG.“ DEGREES i.; ! i. j.. : .i.I...], i.J.L. i J 

.L.I.D£M ; OD “ DEMODULATION i.LJ 4. I.Li. 

DF“ direction Etiiiski 44 i..4 i ; :.L....; ;...4 

..;.DPD.T “ DOUBLE.POLE DouBLE THROW . i ..4 .1 . 1. 

.;.;.. DPST “; Dqu SLS POL&. SInSLE THROW .;.j..i.I 

.1 DSB. :“ 4 Dou.sl1.S;loeban d; 4.L„:.;.j.:.;.;.i.[ 

..S.. £ - EM 1 TT.ER.OP; TRANS\£TOR \. E/OERGY ..;.! ...L 

.J.......L.EM.;.“i.ELEjibJLbiilA^ .4.J. .L i.J....L.....J i 

...4.i.EMF.“ ELECTRO MOTIVE FORCE.j.. •:.L. ■.i 4. 

i £MP -.ELECTROMAGNETIC PULSE 
J.J.ERP.“ &Ff ECTIVE ..RADIATED.POWER ..;.i.j. 






























F 'FREQUENCY :.i. j ;..:.[.i.L.L..L.LJ.i.!.. 

*F. -DEGREESFAHREN HE IT.j.i .>.1...LJJ. 

FDBK " FEEDBACK . L.i.I... i . ! . i .>... j. U. 

. FET:.r,F:!£tC>....!eF.eE.CX:..TRA^SS.S.^OR.I..i .!J.; 

. FF - FLIP ...FLOP...:. : J .U ...: i. .!....;. j J.i.U...Li L 

FiL - FILAMENT j. : ... L:.i. l.'.J J. J.i.LLLi.. 

FN\ - FREQUENCY i MODULATION! .L.LJ.... i. 

. FREQ FREQUENCY i. i.J J.L..L.J.:. .-.J .j .J...L 

FEC- full scale i..., j i i ;... 1.! ; i l: J 

Fwhna ~ Full wi-dtk ralF maximum; i.J.: I ;. 

G - GATE ,oF FET j ..J.j..: .1 .;..■...; 

6A “GAUGE .[.....L. I....;... ;....; ...j.i.j ; .'. i.. 

GND ~ GROUND :... i.L.i .; ! j.L 5 ..1 .Li .i... L 

HF - AlGH . FREQUENCY.I. .J...L.L!.;. 

Hi Ft - high fidelity .L..U. ; ...l....I j.?.L.L.;... :. 

HV - HIGH VOLTAGE .!.t.I J. ! .1i... .= ...{_ 

MZ - HERTZ ;.L. ■ Li.!.;..i ..j. ; .j..: 

1 - CURRENT ...I .: .:.;.L .>.;.:...;.i. ..L. 

1C - integrated circuit....; .i. .L i.L...J.Li...;.i. 

IMPD - IMPEDANCE J..:.. ;.i.I.„ ..;. .■ J.1.j.;.Li. 

IR. - INFRARED.=... .I. : .. . ; J.J.J.:.!.:.:. 

JFET.JUfOCTiQNFIELD EFFECT TRANSISTOR i 

...KWH..: - .: kilowatt . Hour. i.!. i .;.....J.L.i. j. LiJ.. 

. LED LJ GHT EMITTING... DIODE ...;... i .. J .‘ 1. 

LP - Low.PASS . j l .I.i J .I.!.!.L 

LSI — LARGE SCALE INTEGRATION..i.L.i.L 

MA Ml LlIiAMP ERE S! .LiL ...!.■.L..L . i... .•.;.i.;...]. 

MIC -MICROPHONE L...:.; :..1. .i....; j.. \ .; I 

M05 :-i METAL- OXIDE-SEMICONDOCTOR ! i .!.I L 

..MOSFET.- MQS FIELD EFFECT TRANSISTO-R....i. 

NC - NO CONTACT ,L ' . .:. ...i. s . ; .. i.Li.i.L 

NEG - NEGATIVE ;.L..:..;....;. J.{.;.i..J.L 

.. kF - NOISE FIGURE i .. ...U....L L.I.!. l.i . LJ. 

NO “ NORMALLY open ..i. : .i ...1.j.;.L 

. Mom. - nominal ....;..... . .!...!.i. LJ . j . i . \ . i .;.. 

npn r: (si egative - Positive - negative .i.i.i.; 

:0P AMP - OPE RAT ID HAL ! AM PL 1F IE R ! ; . j j i ! L 

osc - oscillator ..l.l; i i I...L....i i 1 i J 

OUT - OUTPUT 1. Ji.. L..L..1.L.LL.L.J.i.L 

PAM • PULSE . AMPUT UDE ..MODULATION U L.! J. 

. PC -..PRiNTEb.JdiRCU.lT; . ..LJ. .: .;. L.J . ! . ! . i . 

.. PCM - PULSE CODE ..MODiULAT.toisl.;.i.L.i..J. j...!. 

.PDM P ULSE p URATIO N M ODULATl ON...; IJ .. „i ; 

l i ■ i i ■ ; i ' ■ ; i ^ ; I r f < I f. ^ ; 






























PF -PICOFARAD 

PPM - PULSE FREQUENCY MODULATION 
PR _ .PEAR 

PLL ” PHASE LOCKED LOOP 

PnP - Posi ru/£ - negative - Positive 
P os .- Positive ; ; 

POT T POTENTIOMETER . \ 

PREAMP - PREAMPLIFIER 

PRI - PRIMARY J 

PRV “PEAR REVERSE VOLTAGE 

|>VC “POLYVINYL CHLORIDE 

p\mr -■ power 

PwR.SUP - Power SUPPLY 

Pz - PIEZOELECTRIC 
Q - Quality factor 
qtz “'Quartz a 
R - resistance 
rad - radian 

RC - RESISTANCE - CAPACITANCE 

RCDR “RECORDER 

RCv - Receive 

RCVR - receiver 

RECHRO “ RECHARGE 

RECT “ RECTIFIER 

REF “ REFERENCE 

RF ~ RADIO FREQUENCY : 

RFC “ RADIO J FREQUENCY CHOKE 

RFI - radio frequency interference 

RL - Resistance-inductance 

RLC - Resistance - induotamce-capac itance 

RLY “ RELAY 

RMS - Root mean square 
RMT - Remote 

Rot - rotate 

RPM - REVOLUTIONS PER MINUTE 

RPS “ REVOLUTIONS PER ; SECOND 

RTTY “RADIO TELETYPEWRITER 
RY - Relay 
S - Source of: fet 

Sfe — SIDEBAND 

SCR “ SILICON CONTROLLED. RECTIFIER 

SEC “ SECONDARY 

SERVO “ SERVOMECHANISM 

3H 
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VC; hi .vbicE coil ; i i ; ; \ : i....i....j.j Li Li 

-:vo{-TA6E ; controlled : dsc.liLti AlxpRi 
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D1 - DH , Cl AMD ct MUST B£ PAT£t> : POR AT 
LEAST TVO ICE. THE IMPwT VOLTA<*£. . . 
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: BASIC LED DRIVER 




Rs 


LED T 

t *' 


&s - — 


Vteo 


Xled 

V\w=- : \mPVT , volTA6E 


I ==• 1 ED: FORWARD CuRRE MT 
COESlREO OR specified) .i 


~ LED VOLTAGE DROP 


Example ; Assume v,* = 9 volts and Vleo 2 1.7 : 
volts, calculate value of Rs FOR It£D-20tv»A. 


Rs *. 


q-i.7 .. ;. ... :■ .;...i. r 

— * 3LS O HKS COK. TO USE CLOSEST 

.oz l . standard value):.L 


LOGIC GATE LED DRIVERS 


IK) 



1TTLV 


LED Rs + fV 
: 210 JL f : 


OUT 


«■ 


-AAA. 


OuT 

LED 

Ail 

ON 

OFF 


note; ckos vj'll 

DIRECTLY DRIVE 

Super bright leds 
IF Tce» is ; REPT 
BELOW ft FEW 
MlLUAMPERES. 


+SV 
A ; 


Rs .Li. 

ai : < 220 SI 

2n)12ZL 1 I.; 


i IN —•HttlV) AAA 

-OUT Rl : 

: 10K 

THIS CIRCU IT WILL; • 
DRIVE LED WHEN 
SUPPLY VOLT ACE TO 
LOGIC GArE AnD Ql- 
L£D ARE DIF F ERE NT., i.L 



OUT 

LED 

LO 

HI 

OFF 

ON 


LED XLgo^lSvv.A 

^ ... ; - U ‘ .L 

rrm 1 . 37 























:INVERTING AMPLIF1ER 



V=*3to ± 15 V ; 
GAIN *"CR2./Rl) 


Q.K TO USE i . 

any op amp 

IN THIS BASIC 
CIRCUIT. PlM 
WUM.8E.RS MAY 
VARY. (SEE 
DATA SHEET.) 


74i 


R5 -V 



~.L:' R5 = (R1*RZ)/(R1 + R2) 


EXAMPLE 1 IF R11 %700 OHMS AMD RZ-^7,000 
OHMS , THEM GAIN) IS - lH%Q0:0/%100) OR ~1Q. 
R3 S ^27S OHMS (use CLOSBST standard value). 


NON-INVERTING AMPLIFIER 


741 


'V . 

RZ 


V * ±3 TO. ± 




OK TO USE ; 
AMY QP AMP. 
(SEE ABOVE.) 

MOTE : some .! ' 
OP AMPS REQUIRE 
CO M PEWS ATI ON 

Capacitor. 


&AIM rT 1+ 


EXAMPLE : IF Rl=H,70O OHMS AMD RZ = ^OOQ 
CHM.S, THEM GAIN IS 1 + (.^7,000 / Y,700) OR 

3a ;.‘XT.'XXX : X"XIXXXX". XTXT 













1 


VOCTAGE-TO-C UKEST!^ 



Xout * Vm / R 2 


EXAMPLE :; ASSUME Rt IS A RESISTOR AND LSD WITH 

COMBIM£t> .I RES\STPMs)C£ OP i 1,000 OHMS ■ Aid 0 R£.t£ i 

Hio OHMS. WHEN. Uiw = £ VOLTS,.C URREnX. IXou^i 

through led is io-jIb Mft..>. : .;.i..L :.L. i. ; 


CU RREMT-TO- V 0 LTAG E CONVERTER 



Example : assume a solar ctu, conme-cted; to ii«. 
btUVERS: A CwRRgMT of 1 ha . ip Rl IS ivO.oO.; 
OHMS j THEM . Vout = -£l,00O f 0. ©Oi}; = i ~ilJVOCT. 































































PULSE GENERATOR 



















tbrBkBEiEDSTt:^i:Rn(JiT r s 


AMD GATE 





























































RS FLIP-FLOP :LATCH) 



JK FLIP-FLOP 






















Pulse Arrives: l.LXJ... 


i.. 12—& Q.clock 

14--44.IN-4-U- 

i.IB.-..Mi. ILi... 1 . i . I 


Li.MxA.n-fcfc 



pi:iiQG.(S..iip::FL 

TH-E Q.C. 0Rl.^I- i GUT PUT. J. 1.1.1 l! 4o]R”lviK'"iP-fefe'.-.1 

EVERY..iQTHER.iMPuT.i-PysiJ.JBjEi£^d.fti.i..Iiy 

output .is -me..I..i 


44 .f.-4.«•• 

i I XL.i .1 i 

4.1..Lft 


CMAUslS.i OF LXi.FLIP-FLOPS iaRE .USED roi j j 

mm ; .si to a Q.vU..isi»xdE.P- Flop 
(FAC IMG.PAGE).F UMCTIOMS. i AS lALT .FLIP-FLO Pi. 

.Both. jnUi .t. amd.j..;ImPuts] are kept!, 

MUSH l AMOi.IN) Put .PULS is].APE.APPLiED.iTD.hHfi 

clock.imp or.. other ixi..FLiPiFLd.FS..i-L.l.i.I.i. 


CLOCK 

1 \ 
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A 
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'V 
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_si.... 
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J 1 
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CLOCK 
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CuEMPr FLOP L 


JCLOikto RsF lap - flop 
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At LOW TEMPERATURE 
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JV 

uif An’l—*■ 1 .7 

VOLT 

Si PEP 

LcLell 

j 

; 

'•'S' - ' - ”'* 

. - 


CAM 

DISC 

VF:R 

i 

ie 

Af 

— v .. 

PniC 

Ext PM ftp D TIM £ 

L WHEN 

j 

| | 

J 

1 

i 


IB 

V 

.4^M^i444'4' D 

•DMOM.IC al Power source. 
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BAXXEmES ARjE..j NOf. ^RECHARGEABLE. 
W v£H.AMONG.THE 4 .MA.NYi.TYPES [ AVAILABLE: |. j_J_ 


c/Mbon dzi.Nj,c--i..Us;. volts.per .x£4^44^M>4^i~l-.|- 

AVAIlABlE AMD LOW COST. L-Li L..j.j.i.I.j.j.j LJ... 


Z I NC ~JCMiiokl D VOLTS i 


PER.i CELL. TWICE.J.1,. 


THE ENERGY!.&E.NS ITY OF CARBON -iZlNJCi 


.ALKAUSJE r-:i.S VOLTS, PER.CELL...1.USE FOR.L.J..J., 

Wig H. co..|RRent... tqAD $ .CMoxa.R.5.> lamps v etc.). Li 

•MERCuJ£sl .AMO! llii VOLTS.LPER .CELL. ]... ].j..„I 

Uniform voltage Duran g ; discharge. LJ.{..4. J. 

SILVER OXIDE — 1LSJ VOLTS PER CELL, JO EARLY 
UnjiFoRm : VOLT AG £ DURING DVSCH ARGE.L 1 | j j ! 

jLA;TMAklk.i.MANGANESE bi3*6-AJ.PUTS ..p6R.;..d'£LLj .1 

Exceptionally long storage ll'ipe. very ;.Li 

M\m energy density. , L. ;„.... L . i i. ■ 


batt E.fcr::i::?kEc AUTti$:s.! j.} :|:; 

L : .Do:..Nor.J...dBkiGE PRIMARY! dELLsj. V f l 1 ’ l 


XI. BATTERIES may EXPLODE WHEN heated.J 

3. DO NOT SOLDER LEADS TO A BATTERY. USE 
-i A BATTERY CLIP OR HOLDER. 4.1X1,] 


H, NEVER SHORT CIRCUIT A BATTERY^ TERMINALS. 
:5. MOST ....Mxt4.Ei.BS. 1SHouLD; BE REM6 vED : FROM 

J equipment In storage].Exceptions! are 

4 storage batter\es and ; lithium:.cells. .i 


h. WHEN . BAtTERY.LEADS. EXCEED C INCHES , ; 

J connect! o.i/^F,. capacitor across Leads I 

. 1 ... AT . .CIRC0.IT: . BOARD. L i i i i i i | ! ! ! i M i 

I.i.i.i.i.i.i.i j j..x ■ i: :a:i: i rirsn 
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,—T" O RO Lil ^ E A Q 4 D L I fs5 £.' . 


Xilu.tt0»J .:-iA l LlCoKiM&CTto^s;.I 

THAT- CARRY LI WE CURRENT-.] 

nwjst 36. insulated:. 4r.|~14 

-fe^cMs^pf 4i5^jt4»^t444 

POW ER WHEN.SERVlCi/U S.|...|.] 




JR^TAlsiGE- 


Utualtd^i 


<i..j. 


vi si.L444444 4.4 

I SPst POWER SwmiHi 

j I ; i ; | I I I I j 1 

jri £ovii|. ..:. ; .Li., 

._L 4 ~ t’R.ftMSF ormer ,j.., 4 , 

1 | i | i { I i | I | t 

.,L.i.„4CyRP.£MT RATlMfl J. 

. j. j.) M.b.^rj£| , i oj£.4fi....j...- .l...j. 

1...1 maximum .4i4K<|rri. i 


^COLORS..MAY j..4„4 

isihfUl .some] .i.I 

TRAIOSFORWERS -j. 
.jMAVE 1 SOLDER:.L.J. 

Juisk4jiAst£jfljMJ. 

OF WIR£ LEADS._1 


14- IfIomtIX L.L4L4--i 


Ct, CL-1,000^F 

i..44-i.-3S VDC., 



taos- s kx 

.iai.zfc.izki. 

RSIS-ISV .... 


...ATTACH.4.i 

... HEAT.SlMK 

.TO.METAL 


iabdc ii. 


jejL..:..Voor :. . 

'hl^B4~LL 























RESISTOR COLOR CODE 



1 I \ 


BLACK O O * 1 

BROWN 1 1 <10 

RED 1 1 <100 

ORANGE 3 3 < 1,000 

YELLOW H H < 10,000 

GREEK) 5 5 < 100,000 

SLUE G <* * 1 , 000,000 

VIOLET ? *7 X 10 , 000,000 

6 RAY S 8 * 100 , 000,000 

WHITE 9 9 — 

FOURTH BAND INDICATES TOLERATE (ACCURACY)*. 
Gold* - 5 % s<lver = ± 10 % none=±eo% 


OMNA'S LAW: v*ir r*v/t 

I'V/R P=Vl a I*R 

ABBREVIATIONS 

A - AMPERE R * RES\STANCE 

F - FARAP V (oft E) * VOLT 

I - CURRENT W* watt 

P " POWER JL = OHM 

M (MEG-) = < l,ooO,ooo 
K. CRtLO-> a * 1,000 
m c Mill] - ') s . ooi 
/4 ( KMCRO") * . OOO ooi 

K C KJANO-) s . OOO OOO OOI 

p (.P'co-) * . ooo ooo ooo ooi 



Radio /hack 

A Division of Tandy Corporation 
Fort Worth, TX 76102 

PRINTED IN U S.A. 


62-5016 


o 40293 1 


895 











































